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Introduction

The Telecommunications Act of 1996, in Section 254(c)(1), states the rules for defining the level
of telecommunications services that will be supported by universal service.  Specifically, Section
254(c)(1)(B) says that the service that has “through the operation of market choices by
customers, been subscribed to by a substantial majority of residential customers” will be
supported.  Section 254(b)(3) states that “Consumers in all regions of the nation, including low-
income and those in rural, insular, and high cost areas, should have access to telecommunication
and information services, including interexchange services and advanced telecommunications
services, that are reasonably comparable to those services provided in urban areas and that are
available at rates that are reasonably comparable to rates charged for similar services in urban
areas.”

To the Rural Utilities Service (RUS), these statements mean that when a rural user’s telephone
should perform and cost about the same as if he were an urban customer.  This has been the
mission of the RUS for over 50 years.  The RUS has proven this to be technically possible and
economically feasible for over 1000 rural local exchange carriers (LECS) under the existing
universal service support mechanisms.

Background

The Federal Communications Commission (Commission) conducted a thorough public
rulemaking process prior to establishing the supported services for universal service in the May
8, 1997 First Order.  The result of this process was to establish the voice grade access frequency
response requirement at 500 Hertz to 4000 Hertz.  The RUS recognized that this bandwidth
exceeded the practical voice channel bandpass for digital switches (although not the theoretical
bandpass since digital switches use 8000 Hertz sampling rates), and also recognized that the
short copper loops
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typical of urban areas, and longer copper loops with RUS-standard D66 loading, could meet the
4000 Hertz high-end requirement.

On October 8, 1997, during a weekly Cost Model Workshop meeting held by the Commission,
the subject of bandwidth of voice grade service was raised by the Commission.  The RUS
provided this basic discussion of bandwidth in the existing network in the Ex Parte letter filed
with the Commission Secretary on October 27, 1997:1

Voice Grade Bandwidth

In recent meetings, attention has focused on the bandwidth for voice grade service
as established in the May 8 order.  At the meeting, US West recommended that
the Commission change its definition to 300 to 3200 Hz.  The RUS does not
agree.

Bandwidth

In common usage, Bandwidth denotes information carrying capability.  Wide-
band is used to describe a system with high capacity whether digital or analog.

Such usage is incomplete and misleading.  It is like trying to describe the volume
of a jar by giving its diameter.  For example, the information carrying capacity of
an analog circuit depends on bandwidth and the maximum signal-to-noise ratio
(the maximum volume compared to the ambient noise level).  A 60 dB circuit has
a greater information carrying capacity than a 30 dB circuit.

Things are simpler in the digital world.  Bit rate alone is a measure of information
carrying capacity.  The interrelation can easily be seen in modem performance. 
Modems convert the digital language of a computer to a different digital language,
one whose frequency content is compatible with a voice circuit.  Ignoring other
limitations, the bit rate of a modem is proportional to both bandwidth and signal-
to-noise ratio.

Existing Telephone System Bandwidth

Digital switches were first introduced a generation ago.  At that time, there was
little consideration of modem connections as the PC had not yet become popular. 
Digital theory (Nyquist Theorem) states that a digital signal can contain all the
information contained in an analog signal if the analog signal is sampled at a
frequency at least twice as high as the highest frequency in the analog signal.  The
designers of the original switches chose to sample at 8000 Hz to ensure a usable
bandwidth of 300 to 3400 Hz.  They chose to encode each sample with 8 bits

                                                
1 See RUS Ex Parte Comments Regarding 10/8/97 Weekly Cost Model Meeting, attached.
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which, after some signal processing, allows for a maximum signal to noise (s/n)
ratio of about 40 dB.  The signal that results from 8000 samples per second, each
containing 8 bits, is 64,000 bit per second (Digital signal zero or DS-0).

Such a bandwidth and signal to noise ratio (300-3400Hz /~40 dB) is the industry
standard.  It is not the maximum bandwidth.  Using more recently developed
techniques like oversampling and digital filtering, modern digital systems can
operate at nearly the theoretical limit.  In other words, by applying inexpensive
and widely used techniques, a digital switch’s bandwidth could approach a full
4000 Hz.

The RUS is not proposing that a 0 to 4000 Hz bandwidth be chosen or mandated
for every element in the loop.  Electronics have shorter lives and are easier to
change than outside plant.  Keeping in mind the “no roadblocks” philosophy, it
should be recognized that the copper plant is the principal and longest lasting
roadblock.  As far as is practical, loop length in the cost models should be based
on the maximum theoretical performance of the industry standard DS-0 channel
which is 4000 Hz, the same as the top frequency given in the May 8 Order.

On December 30, 1997, the Commission on its own motion issued the Fourth Order on
Reconsideration reducing the supported voice band required response to 300 Hertz to 3000
Hertz.  At this point, the Commission departed from the direction it set for itself in its March 8,
1996 Notice of Proposed Rulemaking on Universal Service.  In the March 1996 NPR, the
Commission said:

The third principle we address here is that “[c]onsumers in all regions of the
nation, including low-income consumers and those in rural, insular, and high-cost
areas, should have access to telecommunications and information services,
including interexchange services and advanced telecommunications and
information services” reasonably comparable to those provided in urban areas and
at reasonably comparable rates.  This principle directs us to go beyond the purpose
and approach of the current Universal Service Fund (USF) program by focusing
on the comparability of access to services available throughout the country, as
well as on the comparability of rates.2 [emphasis added]

Comparability is the primary theme of Section 254 of the Telecommunications Act of 1996.  The
RUS believes that defining voice grade access for purposes of universal service support should
be a two-part process.  First, we should determine the characteristics of voice grade access that
urban customers receive.  After doing that, we should design a support system that strongly
promotes this level of voice grade access in rural America without detriment to existing rural
services.  If we do not focus on comparability, but instead study the capabilities of existing

                                                
2 Notice of Proposed Rulemaking and Order Establishing Joint Board, March 8, 1996, Section
III(A)(14)
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infrastructure in rural America (as the December 22 Public Notice does), the competitive
telecommunications marketplace that is developing in urban America will rapidly widen the
digital divide noted in the National Telecommunications and Information Administration’s
“Falling Through The Net” report.3  By setting the bandwidth of voice grade service at 300 Hertz
to 3000 Hertz, a new, reduced4 standard for design and construction is set that primarily affects
only those lines supported by universal service support, which are largely rural lines.  This
decision not only threatens to widen the digital divide, it encases it in a permanency that
approximates the economic life of rural outside plant, which averages over 20 years.

The Public Notice expresses the Commission’s concern that setting the voice grade access
bandpass too high will exclude some providers from receiving universal service support.  Such a
concern can be easily addressed.  In the May 8 First Order, the Commission provided
“grandfathering” of multiparty service to prevent a similar exclusion of carriers who did not meet
the new supported services requirement to provide all one party service.  This same solution
would work well with a voice grade access bandwidth requirement.

On January 27, 1998, the RUS met with representatives of the Commission to object to the
unilateral reduction of rural bandwidth.  The Ex Parte Presentation5 filing covering this meeting
is attached to these comments.  The major points made in the RUS discussions and covered in
the written filing are:

•  The Commission set the definition of voice grade access for universal service support
through an open and exhaustive rulemaking process.  In its reconsideration, adopted
December 30, 1997, the Commission significantly reduced the bandwidth component of that
definition on its own motion.

•  This reduction will be felt almost exclusively in rural America.
•  The effect of this reduction will be to slow down rural America’s access to information

technology.
•  A higher bandwidth would be more consistent with the Universal Service Principles in

Section 254(b)(3) and 254(c)(1) of the Act.
•  Carriers who have some loops that can’t meet a higher bandpass requirement can be

accommodated.
•  The new bandwidth is based on a definition of voice grade access that is obsolete and

possibly irrelevant to this proceeding.

                                                
3 Falling Through The Net, National Telecommunications and Information Administration, July
1999, Executive Summary at xv:  “Regardless of income level, Americans living in rural areas
are lagging behind in Internet access.  Indeed, at the lowest income levels, those in urban areas
are more than twice as likely to have Internet access than those earning the same income in rural
areas.”
4 This standard is lower than the AT&T and Bellcore recommended standards, referenced later in
this Comment, and current RUS design standards.
5 See Ex Parte Presentation of the Rural Utilities Service, January 27, 1998, attached.
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Bandwidth Comparability is Important in Speech Recognition

The December 22 Public Notice focuses on the data transport capabilities of voice grade access,
but the Hertz at issue here are also important to the human ear.

The RUS has been concerned with the acoustics of speech for over 40 years.  In the early 1960’s,
when cable replaced open wire as the mainstay of rural outside plant, the RUS introduced D66
loading to improve the bandwidth performance of loaded loops as compared to the H88 loading
that was standard in the industry.  H88 loading provided a “real-world” bandwidth of about 200
Hertz to 3400 Hertz, whereas D66 loading provided a real world bandwidth of about 200 Hertz
to 4000 Hertz.  The RUS adopted D66 loading to make rural telephone service comparable to
urban service.

Why are frequencies above 3000 Hertz important to speech?  Acoustically, speech has two
components:  vowel sounds and consonant sounds.  Vowels provide the power and continuity of
the spoken word, and consonants provide the intelligibility.  The vowel sounds are low frequency
in nature.  The consonants are higher, and the differences between certain letters, such as “s” and
“f”, have large components above 3000 Hz.

This is compounded by normal hearing loss.  Neurosensory hearing loss is the loss associated
with aging, and it is very common in our aging population, particularly among males.  This form
of hearing loss is frequency selective – the loss occurs in the higher frequencies.  As this hearing
loss progresses, people often have hearing attenuation that begins as low as 3000 Hertz.  These
people can understand live conversation and television and radio dialog quite adequately, but
they will have more difficulty comprehending speech over a 300 Hertz to 3000 Hertz voice
circuit, particularly in the presence of line noise which long rural loops often have.  They would
have fared much better on the originally-adopted 4000 Hertz voice circuit, and they would also
be better off if they move to town.  Even a 300 Hertz to 3400 Hertz loop would give a noticeable
improvement in speech intelligibility over the current requirement.

Congress Directed the RUS to Build Broadband-Capable Rural Plant in 1993, So Why is
Voice Grade Bandwidth Important?

In 1993 the Congress spoke clearly on its expectations for broadband deployment.  The Rural
Electrification and Loan Restructuring Act of 1993 (RELRA) required the RUS to lend only into
states that had State Telecommunications Modernization Plans that required, among other things,
LECs to be capable of providing access to information services at a rate of 1 million bits per
second.  The RUS began building feasible rural telephone exchanges across the nation that were
capable not only of evolving to broadband services through digital subscriber loop technology,
but also of supporting the level of voice band access that the RUS argues for here.  Sections 254
and 706 of the Telecommunications Act of 1996 only served to reinforce the promise of RELRA,
and the RUS has continued building broadband-capable plant.  In Fiscal Years 1997-1999, the
RUS financed construction of 591 rural exchanges, which will serve 783,268 customers, with
these capabilities.  The average number of lines per exchange is 1,325 and the average density is



Comments of the Rural Utilities Service 6
Redefining Voice Grade Access for Purposes of
Federal Universal Service Support
January 19, 2000

5.73 customers per route mile of line.  When we are making this kind of progress toward being
able to provide rural households with a broadband connection, why is the RUS concerned with
voice grade access to the Internet?

Today, the modern telecommunications network not only accommodates voice conversations but
is the primary means to access the Internet.  The bandwidth of voice grade service is important
because it is one factor that can limit modem performance.  It is not the only factor, but it is the
only factor quantified in the Commission’s definition of voice grade service.  At the currently-
specified bandwidth of 300 Hertz to 3000 Hertz, supported voice grade access will not permit
passage of a 28.8 Kilobit-per-second (Kb/s) modem signal.  Most urban and suburban customers
can connect at 28.8 Kb/s.  Rural voice grade access that does not include the ability to connect at
this rate, or very near it, is not comparable.

Modem traffic on the public switched network (PSN) today is a major if not predominant use,
and it’s growth is such that it will be the overwhelming use of the PSN in a couple of years.6 
Data is no longer a permissive or secondary use of the PSN.

Is Providing Good Modem Performance In Voice Grade Access Inconsistent with Evolving
Broadband Service Capabilities?

The availability of broadband access will not diminish the growth of voice band data
transmission because increases in computer ownership among rural households will compensate
for it.7  The RUS believes that for most urban and rural households, voice grade telephone
service will provide the basic access to information services for many years.  Telcordia estimates
that 70% to 95% of all customers will continue to use voice grade access for their voice and data
needs.8  This is due to the considerably higher cost of broadband access, the lack of availability
of broadband access in many urban and rural areas, and the fact that broadband access has not yet
been included as a supported universal service.

Building a rural outside plant that will deliver 28.8 Kb/s modem speed is absolutely consistent
with the evolution toward broadband capability.  In fact, the plant architecture adopted in the
Commission’s HCPM/HAI Synthesis Model (Synthesis Model) can provide it.  The Synthesis
Model’s short copper loops, coupled with most of today’s lightwave carrier equipment, will
provide a combination of frequency response, phase integrity and noise rejection needed to
connect with at least 28.8 Kb/s performance.

                                                
6 Bellcore (now Telcordia) estimated that data traffic surpassed voice traffic on the PSN in 1998,
and that by year end 2000 data would be 75% of all PSN traffic.  See Next Generation Networks,
Grant F. Lenahan, at www.telcordia.com/newsroom/knowledgebase/index.html
7 Computer ownership in rural areas lags behind ownership in urban areas, central cities, and the
nation on average, for 9 of 11 income categories, see Falling Through The Net, Ibid, at 17.
8 Ibid, Next Generation Networks, at 8
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On the other hand, a universal service support strategy that permits inductive-loaded plant to
remain in place permanently may be inconsistent with Section 706 of the Telecommunications
Act of 1996.  Inductively-loaded plant not only defeats voice grade modem access at modern
speeds, it also acts as a barrier to the delivery of advanced services to rural Americans.

At What Speeds Do Urban Users’ Modems Connect?

3Com’s website says “[t]esting initiatives have determined that a vast majority of phone lines in
North America can support 56K.”9  The website v.Unreliable reports results of a survey
performed by this website of popular modems.  The survey of 3Com users shows that only 13%
of 603 surveyed reported connecting at speeds less than 28.8 Kb/s.10  Owners of Lucent LT
modems reported in their survey that 27% connected at speeds less than 28.8 Kb/s, based on
6,606 respondents.11  Owners of HCF modems reported that 24% of the 5569 responding
connected at a speed less than 28.8 Kb/s.12  CyberAtlas reports on a Neilson//NetRatings survey
that shows that 85.9% of Internet users in the United States connect with V.34 or V.90
modems.13  If owners of V.90 modems can connect at 28.8 Kb/s or better, then owners of v.34
modems can connect at 28.8 Kb/s or better at similar percentages.  These figures indicate that the
majority of customers in the nation are receiving telephone service that has considerably greater
than the currently-specified voice grade bandwidth of 300 Hertz to 3000 Hertz.  They also show
that the majority of customers are not served by the few bit-robbing carrier systems on the market
and that their loops are not inductively-loaded.

This commentary on the capability of urban and suburban loops is not surprising to the RUS. 
Short loops predominate in these areas.  Good plant administration practices, including cutting
dead the unused portions of customers loops (the portion beyond the customer), ensure that
customer loop lengths are essentially the rectilinear distance to their central offices.  If
subscribers in high density areas are served by carrier serving area plant architecture, the copper
distribution loops are very short, with exceptionally high frequency response.  Judging from the
survey results, the plant in urban and suburban areas is providing modem speeds of 28.8 Kb/s to
a substantial majority of customers.

Therefore, rural voice grade access should provide the same modem performance over voice
grade access to a substantial majority of rural customers.

                                                
9 See http://www.3com.com/56k/need4_56k/index.html, copy attached.
10 See http://808hi.com/56k/_out/3comsurvey.htm, summary attached.
11 See http://808hi.com/56k/_out/ltsurvey.htm, summary attached.
12 See http://808hi.com/56k/_out/hcfsurvey.htm, summary attached.
13 See http://cyberatlas.internet.com/big_picture/hardware/print/0,1323,5921_277191,00.html,
copy attached.
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Would It Be Better at this Point to Specify a Modem Speed Capability Requirement?

In view of the huge dependence that the nation’s households and small businesses have on voice
grade access for connection to the Internet, the RUS believes the time has come for a dual voice
grade access specification that cites a frequency bandwidth component and a specific modem
speed capability requirement.  The bandwidth requirement should not be abandoned, because
network designers and modem designers need guidance as to the parameters they must work
within.  But the RUS agrees with the Commission when it states in the Public Notice that
bandwidth is not the only plant characteristic determining modem performance.  Since there
seems to be no publicly-available data on plant bandwidth, phase integrity and noise incursion,
but there is data on modem speed performance, the time has come to specify the performance of
voice grade access in terms of both bandwidth and modem speed capability.14

The current voice grade access bandwidth requirement of 300 Hertz to 3000 Hertz is clearly
insufficient.  It represents a devolution of universal service, not evolution or advancement.  In the
Fourth Order on Reconsideration, dated December 30, 1997, the Commission referred to the
different standards for voice grade bandwidth in place at the time:

We note that AT&T operating principles recommend that voice grade access be
200 Hertz to 3500 Hertz, 15  while Bellcore recommends a range of 200 Hertz to
3,200 Hertz or 3,400 Hertz.16  American National Standards Institute (ANSI)
defines voice grade access bandwidth as 300 Hertz to 3,000 Hertz.17

Thus, in adopting this lowest common denominator of bandwidth standards, the Commission
singled out customers of carriers receiving universal service support to receive voice grade
service that is inferior to that available in urban areas.  The ANSI standard for bandwidth dates to

                                                
14 In the January 27, 1998 Ex Parte meeting, the Commission staff stated that a bandwidth
without tolerances or certain other performance requirements is incomplete, and the RUS agrees.
It could be argued that since the tolerances are unstated, it must be assumed that this is measured
from the half power point (-3 db) but one cannot be sure.  Signal-to-noise ratio is important, too,
not just for data but for ordinary voice service.  High noise levels reduce quality and user
satisfaction even more than the removal of several hundred Hertz from the top of the frequency
band yet the definition does not address this important specification.  Since modern modems
(V.34 and better) require both reasonable bandwidth and signal-to-noise ratios, stating a modem
performance standard would go a long way towards ensuring high quality voice service as well as
data performance.
15 “See AT&T, Engineering and Operations in the Bell System 194-195 (Second Edition)” –
quoted from Fourth Order on Reconsideration, Paragraph 16, December 30, 1997
16 “See Bellcore, Principles of Bellcore’s Telecommunications Transmission Engineering 666,
680-681 (Third Edition).” – quoted from Fourth Order, Paragraph 16.
17 “American National Standards Institute, Interface between Carriers and Customer
Installations – Analog Voicegrade Switched Access Lines with Distinctive Alerting Features 4
(1995)” – quoted from Fourth Order, Paragraph 16.
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the 1950’s when the telephone set itself limited useful bandwidth of a telephone line.  In those
days, there were no digital switches to limit bandwidth, and very few customers were served with
carrier products because of the cost and low reliability of those products.  Open wire plant had
enormous bandwidth capability.  The AT&T and Bellcore standards that the Commission could
have chosen are standards that a major interexchange carrier set for itself, and that the standards
writer for the major urban and suburban local exchange carriers wrote for the Regional Bell
Operating Companies.  Either of these standards would have supported better modem
performance than the ANSI standard.  We enter this new century with not only the lowest
common denominator of bandwidth standards in effect for rural America, but the oldest common
denominator as well.

Concerns About Competitive Neutrality Do Not Justify Deepening the Digital Divide

Although it isn’t mentioned in the Public Notice, it is possible that the setting of this lowest
common denominator standard for voice grade access is connected to the limited bandwidth
capability of some potential new entrants who might wish to qualify for universal service
support. The RUS is in favor of competitive neutrality, but competitive neutrality should not
cause a general degradation of service quality in rural America at the same time competition is
firing giant leaps forward in urban and suburban America.  This service degradation will prevent
rural families from enjoying the benefits of the nation’s newest educational, social and economic
resource, the Internet.  If a would-be provider uses a technology that does not provide modern
voice band access to the voice and information networks in this nation, it should not receive
universal service support.  If it does receive support, it should not receive the same amount as
carriers who provide all of the components of voice grade access set by the Commission in
compliance with Section 254 through its facilities or its facilities in combination with other
facilities.

A very positive feature of the traditional investment-based support system was that LECs with
new plant received more support than carriers with old plant, which generally rewarded the
carriers who provided the most modern service.  The forward-looking-cost-based system recently
adopted for the non-rural carriers does not have a link between service quality and support.  The
RUS believes a link is necessary.  If a carrier can provide all of the components of voice grade
access except one, and it almost meets that one, the Commission could authorize the states to
order reduced support to that carrier.  Such “scaling” of support would encourage eligible
telecommunications carriers (ETCs) to phase out “grandfathered” voice grade access exceptions,
such as multi-party service, or, as we suggest here, provision of less than 28.8 Kb/s modem speed
to the substantial majority of all rural customers.

Scaling of support might even enhance the competitive neutrality of voice grade access because it
would give states a tool to use to bring compliance after ETC certification.  States could certify
new entrants as ETCs even though they have a reservation about the carrier’s ability to provide
the required services.
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What Would This Cost?

The plant architecture needed to provide the substantial majority of rural customers with a
modem speed of 28.8 Kb/s, carrier serving area architecture, is standard in the industry.  It was
adopted by the Commission in the Synthesis Model.  It has been employed by RUS-financed
LECs since the late 1980’s.  Universal service support for the non-rural LECs is already being
calculated based on this plant architecture, so one could argue for non-rural LECs that this plant
is already being supported by universal service payments.

Implementing carrier serving area architecture costs little if it is done at the time of a plant
rebuild that is otherwise necessary.  Before RELRA, the RUS compared the cost of every
proposed carrier serving area design with the cost of a loaded plant design and if the added cost
was over 20%, the policy was to require the loaded plant design.  We do not recall rejecting any
carrier serving area designs because of this test.  Our experience running the Synthesis Model has
not contradicted this.  Even though the cost of a single loop or cluster may be far higher than the
cost of serving with loaded plant, our runs of the model have shown that on an exchange basis,
and particularly a system basis, the cost of rebuilding with a carrier serving area design usually
does not exceed the cost of rebuilding with a loaded loop design by over 20%.

On a system where outside plant is fairly new and is adequate, the cost of a rebuild solely for the
purpose of achieving a greater modem speed might seem high.  But a system that needs to be
rebuilt to provide 28.8 Kb/s would also need to be rebuilt (or overlaid with another technology)
to provide advanced services.

The RUS since the passage of RELRA has funded the rebuilding of over one fifth of its
exchanges to carrier serving area architecture.  As stated before, the projects funded in the last
three years had an average system density of only 5.73 customers per route mile, which is below
the average density of 6.32 for all RUS borrowers.  If these systems can be feasibly rebuilt to
modern standards, it should be feasible for the higher density systems.

Recommendations:

1. The Commission should redefine voice grade access to require a bandwidth comparable to
the real level of performance of urban voice service.  The RUS believes, and modem
performance surveys suggest, that urban loop performance includes useful response to above
3400 Hertz.

2. Voice grade access service should be amended include the requirement to provide 28.8 Kb/s
modem connection to the substantial majority of rural customers, since the substantial
majority of urban customers receive this modem performance.

3. The Commission should authorize states to “grandfather” ETCs who cannot provide this
service, under terms negotiated at the discretion of the states.

4. The Commission should authorize states to provide reduced support payments to ETCs who
do not provide the required bandwidth or modem speed.
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Conclusion

The RUS appreciates the opportunity to comment on voice grade access bandwidth.  Since
suggesting that the Commission reconsider the definition of voice grade access, the Internet has
grown into the engine powering a great national economic surge.  Unfortunately, rural Americans
are not connected to this resource at nearly the high rates their urban counterparts are.  Rural
Americans can have the same access to the economic, educational and social opportunity
promised by the Internet as their urban counterparts if we adopt the right definition of voice
grade access.

Thank you for this chance to participate.

Dated:  _________________

_____________________________________
Christopher A. McLean
Acting Administrator
Rural Utilities Service

Attachments


